Cognitive science, as well as psychology, considers that individuals use internal representations of the external reality in order to interact with the world. These representations are called mental models and are considered as a cognitive structure at the basis of reasoning, decision making, and behavior.
Introduction
Mental models are "personal, internal representations of external reality that people use to interact with the world around them" for Jones et al. in [10] . These representations are abstractions of the reality relying notably for an individual on his/her personal experiences, perceptions and understanding of the world that surrounds him/her.
These representations may vary from one person to another, as well as the meanings they give to the same concept. For Daft and Weick, "Interpretation gives meaning to data, but it occurs before organizational learning and action." ( [5] , p. 286), that it the reason why we consider that identifying meaning variance could be useful for group decision making or negotiation. If authors as Hall et al. in [9] and Morgan in [18] focus on cognitive mapping as a way to improve management and to study communication breakdown risks, others as Quinn in [20] and Langan-Fox et al. in [15] consider cognitive mapping as a way to elaborate a "shared or team mental model" ( [15] , p. 242). For Eden and Ackermann in [7] , cognitive maps can be used for issue structuring in the context of a group decision support system.
In this article, we propose an approach in order to identify people who give the same meaning to the same concept through the use of cognitive maps and their analysis with tools of graph theory. The efficiency of the proposed approach relies notably on the fieldwork with the respondents: the meanings they give to the same concept have to be understood. After introducing background theories in the area of cognitive mapping, we present tools of graph theory in order to study cognitive maps. Our own approach is then explained and discussed, from the interviewing of the respondents to the identification of meaning variance through the use of their cognitive maps.
Background Theory and Assumptions
This study relies on the assumption that two individuals give the same meaning (respectively different meanings) to the same concept if and only if their cognitive maps related to this concept are practically similar (respectively different). Section 2.2 refines this idea of "quasi-similarity".
Mental models and their elicitation with cognitive maps are introduced in the first part of this section. Tools of graph theory which can be used to study cognitive maps are then presented in the second part of this section.
Mental Models and their Elicitation through Cognitive Maps
In 1943, Craik drew a parallel between machines functioning and human brain in [4] . This parallel leaded to mental models, which are functional representations of the reality: we use them to interact with the world. They are functional in the sense that they are simplified and incomplete.
Klayman and Ha, with the theory of "confirmation bias", suggest in [14] that individuals seek information adapted to their actual understanding of the world. Indeed for Collins and Gentner in [3] , when you explain a domain with which you are unfamiliar, you try to instantiate it on a familiar domain, that you think as being similar. You can for example use water flow to explain electrical current.
Cognitive maps are knowledge structures representing for an individual his/her assumptions and beliefs on the world for Kearney and Kaplan in [13] . These assumptions and beliefs provide himself/herself a framework to interpret new information and to elaborate decisions regarding on new situations ( [11] and [12] ). Eden sees cognitive maps as "model of thinking" ( [6] , p. 261). Jones et al. highlight in [10] how cognitive mapping allows studying understanding similarities and differences between several people. Most of the procedures used to elicit mental models consider that they can be represented as a network of concepts and relations and rely on direct or indirect elicitation: Direct Elicitation. The respondent is here asked to realize a representation of his/her mental model by using drawings, words, and symbols. In [13] , the authors introduce a method where the participants must identify the concepts that they consider as important for a given domain, and organize them visually / spatially in a way that represents their understanding of the given domain.
Indirect Elicitation. For Carley and Palmquist in [2] , the representation of a mental model can be extracted from written documents or oral propositions.
Mental models elicitation has to focus not only on the concepts that are considered as important, but also on the way they are organized from a cognitive point of view and on their interactions. Cognitive mapping is the process for someone of realizing a cognitive map of his/her mental model related to a domain. It leads to understand how people understand a system. Group decision making and negotiation could be improved if individuals with different points of view are stimulated to work together. A shared understanding has to be identified and supported between the different stakeholders for Jones et al. in [10] . For Weick, a kind of "convergence" can be obtained across managers ( [21] , p. 80). Decision making processes concern simultaneously individuals, groups, and societies. That is the reason why identifying meaning variance, i.e. differences of understanding, has to be considered as a source of improvements for negotiation and group decision making.
Analyzing Cognitive Maps with Tools of Graph Theory
Ozesmi and Ozesmi use in [19] the elicitation of mental models by asking respondents to define important variables for a given system. These variables are then written on cards and the respondents have to organize them in a way that reflects their understanding of the system. Ozesmi and Ozesmi propose to use graph theory tools in order to explore the complexity of the constructed networks. The density is for example a way to study cognitive maps, by counting the nodes (N ) and the connections (C), the density (D) can be determined as follows:
more the density is high, more the number of relations between the concepts in the cognitive map is high. The hierarchical index from Mac Donald, noted h and introduced in [17] , can also be envisaged:
where N is the total number of nodes and d − (v) the outdegree of the node v. The value of this index is 0 when the system is democratic and 1 when it is hierarchical. The interested reader can have a look at [19] or [16] where the authors present these measures and others. They are notably interested in the most mentioned nodes and in the most central nodes. The firsts are those which are mentioned by the most important number of respondents, whereas the seconds are those which have, for a given respondent, the higher degree in his/her cognitive map. Our approach focuses on these two last measures, which allow rapid experimentations. In the future, they will be compared with others measures in order to justify the relevance of this choice.
Our Approach to Identify Meaning Variance
The study presented in this section has been realized with the participation and the agreement of five Computer Science students and five Management Science students at Paris-Dauphine University in 2013.
The first part of this section presents the way of conducting the interviews. The construction of the results is then explained in the second part of this section. Finally these results are discussed in the last part of this section. Every concept given by the students has been translated into English.
Conducting the Interviews
First of all when you intend to conduct cognitive mapping interviews, you have to realize your own cognitive map of the studied concept. This precaution may prevent reactions you may have during the interviews and that would influence the ongoing cognitive mapping. "Information System" is the studied concept in this work.
The number of interviews has also to be considered. We limited our study to ten interviews not only for practical reasons, but also according to Ozesmi and Ozesmi that noticed in [19] how the number of new concepts can stagnate depending on the number of interviews (see figure 1) . For Carley and Palmquist in [2] , this stagnation may result from a limited vocabulary for a given subject. Glaser and Strauss in [8] consider notably that a researcher "trying to reach saturation [...] maximizes differences in his groups in order to maximize the varieties of data bearing on the category" (p. 62). The interviews have all been realized individually and the relation between the researcher and the respondent has clearly been explained: this is not an exam, there is no evaluation. The average duration of an interview was 7'14". Post-it notes and a pen were given to the respondent and we began asking: "Imagine that you have to explain what an "Information System" is to someone who absolutely does not know what it is. What concepts or ideas do you need?".
The respondent was invited to write these concepts on as many post-it notes as necessary. The average time between the end of the question and the beginning of an answer was 10,29 seconds. Even when he/she thought he/she had finished, we asked our question again in order to ensure that no concept was forgotten. Then a large piece of paper was given to the respondent, who was invited to organize his/her post-it notes. New concepts could be added at every moment, and at the end we asked to the respondent if the production he/she realized corresponds to the representation for him/her of an "Information System", i.e. if this production corresponds to the meaning he/she gives to this concept.
Constructing the Results from the Interviews
The figure 2 represents the graph associated to the cognitive map generated by the first respondent for the concept of "Information System". The links between nodes are not necessarily causal as it may be the case in cognitive maps. The most mentioned nodes and those which are the most central are now going to be studied.
The firsts are determined by counting the number of occurrences of every node, so that within our sample of respondents "Data", "Human Resources" and "Information" are the most mentioned nodes (these results are presented more precisely in [1] ). The seconds are determined by regarding every cognitive map as an undirected graph. Post-it notes become nodes and their position as well as their relationships become edges. So that in the case of the first cognitive map, whose associated graph is presented figure 2, the most central nodes are "Information" and "Human Resources": these nodes are the most connected to the rest of the graph. Table 1 represents for our sample of respondents the most central nodes per respondent, regarding to the most mentioned nodes. From this table the figure 3 can be generated and highlights the respondents which have common central nodes regarding to the most mentioned nodes: the meaning they gave to the concept of "Information System" seems to be closer for them (in green) than for the others (in white). The reader may have noticed several respondents who have no central nodes regarding to the most mentioned nodes (respondents 2, 3, and 9). Indeed their most central nodes are not related to the most mentioned nodes. We say that the meaning they gave to the concept of "Information System" is unusual for the considered group.
Discussing the Results
The major restriction of our approach is that it is reductive because it focuses only on the most mentioned and on the most central nodes. This restriction, induced by Ozesmi and Ozesmi in [19] constitutes nevertheless a strength of our approach: it is necessary in order to treat cognitive maps, which can rapidly lead to complex graphs. According to our experimentations, this restriction, even if it reduces cognitive maps semantic only to the most mentioned and the most central nodes, strongly accelerates the way of conducing that kind Dissemination of Information Fig. 3 . Respondents whose central nodes are common regarding to the most mentioned nodes, the meaning they gave to the concept of "Information System" seems to be close of investigation. The results can easily be processed by concept-mapping and mind-mapping software for example. The reader may have noticed in the figure 3 that the respondents 1 and 6 are those who central nodes are common to the greater number of persons regarding to the most mentioned nodes. Table 1 shows how these respondents are those who have several central nodes. This observation leaded us to conclude that the meaning they gave to the concept of "Information System" covers several meanings given by the others respondents. We are now trying to establish a connection between the cognitive maps, i.e. the most central nodes for a respondent, and his/her academical background, i.e. if he/she is a Computer Science student or a Management Science student.
Conclusions and Future Works
In this paper we presented an approach in order to identify meaning variance between the members of a group by analyzing their cognitive maps through the use of graph theory tools. We began introducing background theories in the area of mental models and cognitive mapping. We presented then tools of graph theory which can be used to study cognitive maps. We finally explained and discussed our approach from the interviewing of the respondents to the identification of meaning variance through the use of their cognitive maps.
Individually and during face-to-face interviews, our approach has been thought as closely as possible from the respondents. A concept is given and the respondents are then asked to represent their understandings of this concept. These representations are analyzed with tools of graph theory in order to highlight the respondents who gave a similar meaning to the given concept. It is crucial to give to the respondents the time to realize their representations. The atmosphere must be relaxed and the respondents have to feel confident.
Nevertheless our approach is reductive in the data considered. Relying on Ozesmi and Ozesmi [19] notably, we proposed to focus only on the most mentioned nodes and on the most central nodes in order to analyze respondents' cognitive maps. This weakness is otherwise a strength of our approach: it makes feasible an analysis expensive to realize when the cognitive map as a whole is considered.
The conducted interviews lead us to consider not only the concepts identified by the respondents, but also their meanings. Only with ten students and during an academical case study, we observed so much that people can give different meanings to the same concept. We are now focusing on interactions during group decision making in order to observe, to identify, and to manage meaning variance through the use of cognitive maps.
